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(54) MISREGISTRATION CORRECTION FOR BIDIRECTIONAL PRINTING WITH REDUCED 
INFLUENCE OF ERROR DUE TO VERTICAL SCANNING 



(57) The technique of the present invention prints 
positional misalignment test pattern with a nozzle group 
without sub-scan feed. The positional misalignment test 
pattern includes a rear test sub-pattern and a front test 
sub-pattern printed at different positions shifted in a sub- 
scanning direction. The rear test sub-pattern is printed 
with a rear nozzle sub-group, whereas the front test sub- 



pattern is printed with a front nozzle sub-group. The 
technique determines a correction value according to 
correction information that represents a favorable cor- 
rection state selected based on the printed positional 
misalignment test pattern, and then actually corrects 
misalignment of recording positions in a main scanning 
direction occurring in bidirectional printing, using the 
correction value thus determined. 
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Description 

Technical Field 

[0001] The present invention relates to a technique 
that carries out bidirectional, reciprocating main scan to 
prints an image on a printing medium. More specifically 
the present invention pertains to a technique that ad- 
justs misalignment of dot recording positions in a main 
scanning direction between a forward pass and a back- 
ward pass of the main scan. 

Background Art 

[0002] Recently color printers having a print head that 
ejects a plurality of different color inks have been widely 
used as an output device of computers. Some of such 
color printers have the function of "bidirectional printing" 
for the purpose of enhanced printing speed. 
[0003] In bidirectional printing, misalignment of re- 
cording positions in a main scanning direction between 
a forward pass and a backward pass of main scan often 
arises due to backlash of a driving mechanism in the 
main scanning direction or a warp of a platen that sup- 
ports a printing medium thereon. One of the known tech- 
niques proposed to relieve such positional misalignment 
is disclosed in J PA 5-69625 filed by the applicant of the 
present invention. This prior art technique registers in 
advance a potential amount of positional misalignment 
(deviation in printing) in the main scanning direction and 
adjusts the dot recording positions on the forward pass 
and on the backward pass, based on the registered 
amount of positional misalignment. 
[0004] One of the applicable methods to adjust the re- 
cording positions in the main scanning direction actually 
prints a specific test pattern on the printing medium, and 
specifies the amount of positional misalignment in the 
main scanning direction based on the printed result of 
the specific test pattern, so as to determine the correc- 
tion value. The process of printing the specific test pat- 
tern to specify the amount of positional misalignment 
generally accompanies sub-scan. The sub-scan feed 
may, however, cause deviation of the dot recording po- 
sitions in the main scanning direction, due to backlash 
of a sub-scan driving mechanism or any inclined feed of 
the printing medium. The greater feeding amount and 
the greater number of feeds in the sub-scanning direc- 
tion generally cause more significant misalignment of 
recording positions. Namely a large number of feeds in 
the sub-scanning direction by a large feeding amount in 
the process of printing the specific test pattern to specify 
the amount of positional misalignment in the main scan- 
ning direction undesirably causes error due to the sub- 
scan feed to be reflected on the printed result. This 
makes it difficult to accurately specify the amount of po- 
sitional misalignment in the main scanning direction. 
[0005] The object of the present invention is to solve 
the problem of the prior art technique discussed above 



and accordingly to provide a technique that relieves po- 
sitional misalignment in the main scanning direction be- 
tween a forward pass and a backward pass of main scan 
with regard to a nozzle array in a bidirectional printing 
s apparatus. 

Disclosure of the Invention 

[0006] In order to attain at least part of the above and 

10 the other related objects, one technique of the present 
invention prints positional misalignment test pattern with 
a nozzle group without sub-scan feed. The technique 
determines a correction value according to correction 
information that represents a favorable correction state 

is selected based on the printed positional misalignment 
test pattern, and then actually corrects misalignment of 
recording positions in a main scanning direction occur- 
ring in bidirectional printing, using the correction value 
thus determined. 

20 [0007] The sub-scan feed in the course of printing the 
"positional misalignment test pattern" causes working 
error of each mechanism relating to the sub-scan feed 
to be reflected on the printed "positional misalignment 
test pattern." This makes the correction value include 

25 some error. The arrangement of the present invention, 
however, prints the "positional misalignment test pat- 
tern" without any feed in the sub-scanning direction, 
thus preventing any such problem. This arrangement 
thus enables the correction value to be determined ac- 

30 curately, based on the properly printed "positional mis- 
alignment test pattern. " 

[0008] Another technique of the present invention 
prints a front test sub-pattern with a front nozzle sub- 
group on a printing medium on a selected one of the 

35 forward pass and the backward pass of the main scan 
of the print head. Here the front nozzle sub-group is part 
of the nozzle group and includes nozzles located in a 
relatively forward section of the nozzle group in a sub- 
scanning direction. The technique also prints a rear test 

40 sub-pattern with a rear nozzle sub-group on the printing 
medium on the other of the forward pass and the back- 
ward pass of the main scan of the print head. Here the 
rear nozzle sub-group is part of the nozzle group and 
includes nozzles located in a relatively backward sec- 

45 tjon of the nozzle group in the sub-scanning direction. 
The technique subsequently determines a correction 
value according to correction information that repre- 
sents a favorable correction state selected based on po- 
sitional misalignment test pattern. Here the positional 

50 misalignment test pattern includes the rear test sub-pat- 
tern and the front test sub-pattern printed at different po- 
sitions shifted in the sub-scanning direction. The tech- 
nique then actually corrects using the correction value 
the misalignment of recording positions in the main 

55 scanning direction occurring in bidirectional printing 
thus determined. The "forward (section) in the sub- 
scanning direction" represents a direction from the print 
head, which moves relative to the printing medium, to 
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the part of the printing medium that has not yet scanned 
by the print head. The "backward (section) in the sub- 
scanning direction" is just opposite to the "forward (sec- 
tion) in the sub-scanning direction." 
[0009] This arrangement of the present invention en- 
ables the rear test sub-pattern and the front test sub- 
pattern, which are shifted in the sub-scanning direction, 
to be printed without any feed of the print head in the 
sub-scanning direction. The resulting "positional mis- 
alignment test pattern" is thus printed with little error and 
enables the user to readily select a favorable correction 
state and accurately determine the correction value ac- 
cording to the selected favorable correction state. In the 
above application, the "positional misalignment test pat- 
tern" is printed without any feed of the print head in the 
sub-scanning direction. One modified application may 
print the "positional misalignment test pattern" with 
small feeds in the sub-scanning direction, for the pur- 
pose of facilitating the determination of the correction 
value. 

[001 0] The following configuration is preferable when 
the nozzle group includes a low density nozzle group 
that forms only noncontiguous dots in the sub-scanning 
direction at a predetermined recording density on the 
printing medium by one pass of the main scan. The 
memory stores a first correction value therein, where the 
first correction value is used to correct misalignment of 
recording positions in the main scanning direction on the 
forward pass and the backward pass of the main scan 
with regard to the low density nozzle group. The first cor- 
rection value is determined according to correction in- 
formation that represents a favorable correction state 
selected based on a first positional misalignment test 
pattern. Here the first positional misalignment test pat- 
tern includes a first front test sub-pattern and a first rear 
test sub-pattern printed with the low density nozzle 
group at different positions shifted in the sub-scanning 
direction. The first front test sub-pattern includes a plu- 
rality of vertical ruled lines that extend in the sub-scan- 
ning direction and are formed using a first front nozzle 
sub-group by repeatedly carrying out a selected one of 
the forward pass and the backward pass of the main 
scan of the print head in combination with sub-scan 
feeds interposed between the main scan passes. Here 
the first front nozzle sub-group is part of the low density 
nozzle group and includes nozzles located in a relatively 
forward section of the low density nozzle group in the 
sub-scanning direction. The first rear test sub-pattern 
includes a plurality of vertical ruled lines that extend in 
the sub-scanning direction and are formed using a first 
rear nozzle sub-group by repeatedly carrying out the 
other of the forward pass and the backward pass of the 
main scan of the print head in combination with sub- 
scan feeds interposed between the main scan passes. 
Here the first rear nozzle sub-group is part of the low 
density nozzle group and includes nozzles located in a 
relatively backward section of the low density nozzle 
group in the sub-scanning direction. In this application, 



the printing apparatus may have a plurality of the low 
density nozzle groups, and the memory may store a plu- 
rality of the first correction values. 
[0011] In this application, the "first rear test sub-pat- 

5 tern" and the "first front test sub-pattern" respectively 
consist of vertical ruled tines of contiguous dots in the 
sub-scanning direction. The "first correction value", 
which is used to correct the misalignment of recording 
positions in the main scanning direction, is thus readily 

10 determined, based on the "first rear test sub-pattern" 
and the "first front test sub-pattern." This printing proc- 
ess accompanies some feeds in the sub-scanning di- 
rection to make the dots contiguous in the sub-scanning 
direction. But no large feeds in the sub-scanning direc- 

15 tion are required to print the "rear test sub-pattern" and 
the "front test sub-pattern" at the different positions shift- 
ed in the sub-scanning direction. The resulting "position- 
al misalignment test pattern" is printed with little error 
and enables the user to accurately determine the cor- 

20 rection value based on the printed "positional misalign- 
ment test pattern." 

[001 2] It is preferable that the feeding amount of sub- 
scan in printing the first positional misalignment test pat- 
tern is equal to one dot pitch. The feeds in the sub-scan- 

25 ning direction by one dot between the consecutive pass- 
es of the main scan enable continuous dots to be printed 
even with the low density nozzle group that creates only 
noncontiguous dots in the sub-scanning direction by 
one pass of the main scan. The feed in the sub-scanning 

30 direction is the one dot space, so that the "positional 
. misalignment test pattern" can be printed with a small 
summation of the feeds in the sub-scanning direction. 
This reduces the error of the feed in the sub-scanning 
direction. The resulting "positional misalignment test 

35 pattern" is thus printed with little error and enables the 
user to accurately determine the correction value based 
on the printed "positional misalignment test pattern." 
[001 3] The following configuration is preferable when 
the nozzle group includes a high density nozzle group 

40 that forms contiguous dots in the sub-scanning direction 
at a predetermined recording density on the printing me- 
dium by one pass of the main scan. The memory stores 
a second correction value therein, where the second 
• correction value is used to correct misalignment of re- 

45 cording positions in the main scanning direction on the 
forward pass and the backward pass of the main scan 
with regard to the high density nozzle group. The second 
correction value is determined according to correction 
information that represents a favorable correction state 

so selected based on a second positional misalignment 
test pattern. Here the second positional misalignment 
. test pattern includes a second front test sub-pattern and 
a second rear test sub-pattern printed with the high den- 
sity nozzle group at different positions shifted in the sub- 

ss scanning direction. The second front test sub-pattern in- 
cludes a plurality of vertical ruled lines of continuous 
dots that extend in the sub-scanning direction and are 
formed using a second front nozzle sub-group on a se- 
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lected one of the forward pass and the backward pass 
of the main scan of the print head. Here the second front 
nozzle sub-group is part of the high density nozzle group 
and includes nozzles located in a relatively forward sec- 
tion of the high density nozzle group in the sub-scanning 
direction. The second rear test sub-pattern includes a 
plurality of vertical ruled lines of continuous dots that ex- 
tend in the sub-scanning direction and are formed using 
a second rear nozzle sub-group on the other of the for- 
ward pass and the backward pass of the main scan of 
the print head. Here the second rear nozzle sub-group 
is part of the high density nozzle group and includes noz- 
zles located in a relatively backward section of the high 
density nozzle group in the sub-scanning direction. The 
second positional misalignment test pattern is printed 
without sub-scan feed. 

[0014] In this application, the nozzle group can form 
contiguous dots in the sub-scanning direction at a pre- 
determined recording density on the printing medium by 
one pass of the main scan. In this arrangement, the 
printing apparatus can print the "second rear test sub- 
pattern" and the "second front test sub-pattern", which 
respectively include vertical ruled lines extending in the 
sub-scanning direction, without any feed of sub-scan. 
The resulting "positional misalignment test pattern" is 
thus printed with little error and enables the user to de- 
termine the correction value accurately according to the 
positional misalignment test pattern. 
[0015] in accordance with one preferable embodi- 
ment, the misalignment of recording positions in the 
main scanning direction occurring in bidirectional print- 
ing, is corrected using a mean of the first correction val- 
ue and the second correction value. In this embodiment, 
there may be a plurality of the low density nozzle groups 
and a plurality of the high density nozzle groups. 
[0016] The technique of the embodiment carries out 
proper correction, based on both the first correction val- 
ue, which reflects the characteristics of the low density 
nozzle group, and the second correction value : which 
reflects the characteristics of the high density nozzle 
group. The arrangement carries out the correction with 
the mean of the first correction value and the second 
correction value. This enables the characteristics of 
both the low density nozzle group and the high density 
nozzle group to be readily reflected on the correction. 
[0017] In accordance with one preferable application, 
the high density nozzle group ejects black ink and the 
low density nozzle group includes a plurality of chromat- 
ic color nozzle groups, where each chromatic color noz- 
zle group ejects a chromatic color ink. In this application, 
the first correction value is determined individually for at 
least one chromatic color nozzle group selected among 
the plurality of chromatic color nozzle groups. The po- 
sitional misalignment correction unit may correct the 
misalignment of recording positions in the main scan- 
ning direction occurring in bidirectional printing using a 
mean of at least two correction values selected out of 
the second correction value and the at least one first 



correction value determined for the at least one selected 
chromatic color nozzle group, in a specific print mode in 
which nozzles in the low density nozzle group are used. 
[0018] In the case of color printing with the low density 

s nozzle group, the misalignment of recording positions 
can be readily corrected using the mean of the first cor- 
rection values and the second correction value. Each of 
the first correction values reflects the characteristics of 
each chromatic color nozzle group, and the second cor- 

10 rection value reflects the characteristics of the high den- 
sity nozzle group ejecting black ink. The chromatic color 
nozzle groups that are taken into account for and added 
to the calculation of the "mean" may be selected based 
on the position of nozzles > the chromatic color nozzle 

15 group and the conspicuousness of the misalignment of 
recording positions by the nozzle group. This ensures 
correction suitable for color printing. The "chromatic 
color nozzle group" of which the first correction value is 
set may be the same chromatic color nozzle groups that 

20 are taken into account for and added to the calculation 
of the "mean." 

[0019] In accordance with another preferable applica- 
tion, the first correction value is determined for at least 
one chromatic color nozzle group selected among the 

25 plurality of chromatic color nozzle groups. The positional 
misalignment correction unit may correct the misalign- 
ment of recording positions using one of the first correc- 
tion value in a specific print mode in which nozzles in 
the low density nozzle group are used. 

30 [0020] In the case of color printing with the low density 
nozzle group, this application corrects the misalignment 
of recording positions using the first correction value, 
which reflects the characteristics of one chromatic color 
nozzle group included in the low density nozzle group. 

35 This chromatic color nozzle group may be appropriately 
selected by considering the position of nozzles in the 
chromatic color nozzle group and the conspicuousness 
of the misalignment of recording positions by the chro- 
matic color nozzle group. This ensures correction suit- 

40 able for color printing. 

[0021] In accordance with still another preferable ap- 
plication, the high density nozzle group ejects black ink, 
and the low density nozzle group includes a plurality of 
chromatic color nozzle groups, where each chromatic 

45 color nozzle group ejects a chromatic color ink. The po- 
sitional misalignment correction unit may correct the 
misalignment of recording positions using the second 
correction value in a specific print mode in which nozzles 
in the low density nozzle group are not used. In the case 

so of monochromatic printing, this application carries out 
correction with the second correction value, which re- 
flects the characteristics of the high density nozzle 
group. This accordingly ensures adjustment of record- 
ing positions suitable for monochromatic printing. 

55 [0022] In accordance with another preferable applica- 
tion, the positional misalignment correction unit may 
correct the misalignment of recording positions using 
the first correction value with regard to the low density 
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nozzle group, and using the second correction value 
with regard to the high density nozzle group. This ar- 
rangement ensures the correction optimum for both the 
low density nozzle group and the high density nozzle 
group in the course of one identical printing operation. 
[0023] The present invention is realized by a diversity 
of applications as given below: 

(1) Bidirectional printing apparatus; 

(2) Method of bidirectional printing; 

(3) Method of correcting misalignment of recording 
positions in the course of bidirectional printing; 

(4) Computer programs for implementing any of the 
above apparatus and methods; 

(5) Recording media in which computer programs 
for implementing any of the above apparatus and 
methods is recorded; and 

(6) Data signals that include computer programs for 
implementing any of the above apparatus and 
methods and are embodied in carrier waves. 

Brief Description of the Drawings 

[0024] 

Fig. 1 schematically illustrates the structure of a 
printing system including an ink jet printer 20 in a 
first embodiment; 

Fig. 2 is a block diagram showing the structure of a 
control circuit 40 included in the printer 20; 
Fig. 3 shows plural actuator chips and plural nozzle 
arrays provided on the print head 28; 
Fig. 4 is a flowchart showing a procedure of deter- 
mining a correction value based on a test pattern; 
Fig. 5 is a block diagram illustrating the main con- 
figuration relating to correction of positional mis- 
alignment in bidirectional printing in the first embod- 
iment.; 

Fig. 6 shows a method of determining the correction 
value used for adjusting the positional misalign- 
ment, based on a test pattern in the first embodi- 
ment; 

Fig. 7 shows another method of determining the 
correction value used for adjusting the positional 
misalignment, based on a test pattern in a second 
embodiment; 

Fig. 8 shows the method of determining the correc- 
tion value used for adjusting the positional misalign- 
ment, based on the test pattern in the second em- 
bodiment; and 

Fig. 9 is a block diagram illustrating the main con- 
figuration relating to the correction of positional mis- 
alignment in bidirectional printing in a third embod- 
iment. 



Best Modes of Carrying Out the Invention 
A. Structure of Apparatus 

5 [0025] Some modes of carrying out the present inven- 
tion are described below as preferred embodiments. 
Fig. 1 schematically illustrates the structure of a printing 
system including an ink jet printer 20 in a first embodi- 
ment of the present invention. The printer 20 includes a 

10 sub-scan mechanism that drives a sheet feed motor 22 
to feed a sheet of printing paper P in a sub-scanning 
direction, a main scan mechanism that drives a carriage 
motor 24 to move a carriage 30 back and forth along an 
axis of a platen 26 (in a main scanning direction), a head 

15 driving mechanism that drives a print head unit 60 (also 
referred to as "print head assembly") mounted on the 
carriage 30 to control ejection of ink and creation of dots, 
and a control circuit 40 that controls transmission of sig- 
nals to and from the sheet feed motor 22, the carriage 

20 motor 24, the print head unit 60, and a control panel 32. 
The control circuit 40 is connected to a computer 88 via 
a connector 56. 

[0026] The sub-scan mechanism for feeding the print- 
ing paper P has a gear train (not shown) that transmits 

25 the rotations of the sheet feed motor 22 to the platen 26 
and a sheet feed roller (not shown). The main scan 
mechanism for reciprocating the carriage SO includes a 
sliding shaft 34 that is arranged in parallel with the axis 
of the platen 26 to support the carriage 30 in a slidable 

30 manner, a pulley 38 that is combined with the carriage 
motor 24 to support an endless drive belt 36 spanned 
therebetween, and a position sensor 39 that detects the 
starting position of the carriage 30. 
[0027] Fig. 2 is a block diagram showing the structure 

35 of the control circuit 40 included in the printer 20. The 
control circuit 40 is constructed as an arithmetic and log- 
ic operation circuit including a CPU 41 , a programmable 
ROM (PROM) 43, a RAM 44, and a character generator 
(CG) 45 that stores dot matrixes of characters therein. 

40 The control circuit 40 further includes a dedicated l/F 
circuit 50 that dedicatecly works as an interface with ex- 
ternal elements like a motor, a head driver 52 that con- 
nects with the dedicated l/F circuit 50 and drives the print 
head unit 60 to eject ink, and a motor driver 54 that 

45 drives the sheet feed motor 22 and the carriage motor 
24. The dedicated l/F circuit 50 includes a parallel inter- 
face circuit and receives a print signal PS supplied from 
the computer 88 via the connector 56. 
[0028] The whole configuration including the print 

so head 28 and the mounting base of the ink cartridge is 
called the "print head unit 60", since the print head unit 
60 is attached to and detached from the printer 20 as 
an unitary part. Namely replacement of the print head 
28 requires replacement of the print head unit 60. 

55 [0029] Fig. 3 shows plural actuator chips and plural 
nozzle arrays provided on the print head 28. The printer 
20 is a printing apparatus that carries out printing with 
four different color inks, black (K), cyan (C), magenta 
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(M), and yellow (Y). The print head 28 has one nozzle 
array for each of the three color inks, cyan (C), magenta 
(M), and yellow (Y). The print head 28 has also three 
nozzle arrays K 1: K 2 , and K 3 for the black (K) ink. All 
these nozzle arrays C, M, Y, K 1p K 2 , and K 3 have a noz- 
zle pitch k equal to 3 dots. This interval corresponds to 
120 dpi. In the specification hereof, the cyan nozzle ar- 
ray C, the magenta nozzle array M, and the yellow noz- 
zle array Y may collectively be referred to as the "color 
nozzle arrays CMY", and the black nozzle arrays K 1 , K 2 , 
and K 3 may collectively be referred to as the "black noz- 
zle arrays K." 

[0030] The nozzle arrays K 3 , C, M, and Y are ar- 
ranged such that corresponding nozzles of the respec- 
tive nozzle arrays are aligned in the main scanning di- 
rection (that is, these nozzles are located at the same 
position in the sub-scanning direction). The respective 
nozzles in the nozzle array K 2 are located at positions 
shifted from those of the nozzle array K 3 by one dot in 
the sub-scanning direction, while the respective nozzles 
in the nozzle array K n are located at positions shifted 
from those of the nozzle array K 3 by two dots in the sub- 
scanning direction. With regard to each of the three 
colors, cyan (C), magenta (M), and yellow (Y), each 
pass of the main scan enables dots to be created at the 
maximum resolution of 120 dpi by each of the nozzle 
arrays C, M, and Y. With regard to black (K), on the other 
hand, each pass of the main scan enables dots to be 
created at the maximum resolution of 360 dpi by the 
three nozzle arrays K 1 , K 2 , and K 3 , which are shifted in 
the sub-scanning direction. 

[0031] Even in the case of printing on a printing me- 
dium at the resolution of 360 dpi, with regard to each of 
the three colors, cyan (C), magenta (M), and yellow (Y), 
each pass of the main scan attains only the 3 dot pitch 
printing in the sub-scanning direction. In order to print a 
continuous letter or figure in the sub-scanning direction 
at the resolution of 360 dpi, three passes of the main 
scan in combination with the sub-scan by the feeding 
amount of 1 dot are required. With regard to black (K), 
on the other hand, each pass of the main scan com- 
pletes a print of the continuous letter or figure in the sub- 
scanning direction at the resolution of 360 dpi. In the 
technique of the present invention, the nozzle groups 
that can form on each pass of the main scan only inter- 
mittent dots in the sub-scanning direction on the printing 
medium at a predetermined recording density, for exam- 
pie, at 360 dpi, are regarded as the "low density nozzle 
groups." The nozzle groups that can form by each pass 
of the main scan contiguous dots in the sub-scanning 
direction on the printing medium at the predetermined 
recording density are regarded as the "high density noz- 
zle groups." 

[0032] An actuator circuit 90 includes a first actuator 
chip 91 for driving the black nozzle array K-, and the 
black nozzle array K 2 , a second actuator chip 92 for driv- 
ing the black nozzle array K 3 and the cyan nozzle array 
C, and a third actuator chip 93 for driving the magenta 



nozzle array M and the yellow nozzle array Y. 

B. Principle of Correcting Misalignment of Recording 
Positions in Main Scanning Direction 

5 

[0033] The bidirectional printing creates dots in both 
the forward pass and the backward pass of the main 
scan to print image on the printing medium P. Accord- 
ingly, when ink is ejected aiming at the same recording 

10 position on the forward pass and on the backward pass 
of printing, dots should actually be recorded at the same 
position on the printing medium P. This is because an 
image can be properly reproduced by combination of 
dots formed in the forward pass and dots formed in the 

'5 backward pass only when ink aiming at the same re- 
cording position actually forms dots at the same position 
on the printing medium P. 

[0034] As described previously, the recording posi- 
tions in the main scanning direction may be misaligned 
20 on the forward pass and the backward pass of the main 
scan, due to backlash of the driving mechanism in the 
main scanning direction or a warp of the platen that sup- 
ports the printing medium thereon. This method of cor- 
recting the misalignment of recording positions inten- 
ds tionally shifts the ejection timings of ink droplets on the 
forward pass or on the backward pass from the "theo- 
retical timings to record dots at the same recording po- 
sition. M This method accordingly absorbs the misalign- 
ment of recording positions and implements the correc- 
30 tion, in order to ensure actual recording of dots at the 
same recording position. 

C. Processing Flow of First Embodiment 



[0035] Fig. 4 is a flowchart showing a procedure of 
adjusting the positional misalignment. This adjustment 
is performed by the user in principle. At step S21 , test 

40 patterns for determining the correction values (position- 
al misalignment test patterns) are printed with the printer 
20. Here one test pattern is printed individually for each 
color. The concrete method of printing the test patterns 
• will be discussed later. 

45 [0036] At subsequent step S22, the user observes the 
test pattern printed individually for each colorand inputs 
a misalignment adjustment number allocated to a set of 
vertical ruled lines having the minimum positional mis- 
alignment in the test pattern on a user interface window 

so (not shown) of the printer driver in the computer 88 (see 
Fig. 2). A plurality of first adjustment numbers represent- 
. ing first correction values with regard to the cyan nozzle 
array C, the magenta nozzle array M, and the yellow 
nozzle array Y, and a second adjustment number rep- 

55 resenting a second correction value with regard to the 
black nozzle arrays K are then stored into the P-ROM 
43 in the printer 20 via the computer 88 (see Fig. 2). 
[0037] At step S23, the user gives an instruction to 
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execute printing. Then at step S24, bidirectional printing 
is actually carried out while the positional misalignment 
is corrected with the correction values. Fig. 5 is a block 
diagram illustrating the main configuration relating to the 
correction of positional misalignment in the course of bi- 
directional printing in the first embodiment. The P-ROM 
43 in the printer 20 includes adjustment number storage 
areas 202a through 202d and a correction value table 
206. The correction value table 206 stores the mapping 
of the misalignment adjustment numbers to the amounts 
of misalignment (that is, the correction values) of the re- 
cording position of the vertical ruled line formed by the 
backward pass in the test pattern. 
[0038] The RAM 44 of the printer 20 stores a compu- 
ter program having the function of positional misalign- 
ment correction unit 210 to correct the positional mis- 
alignment in the course of bidirectional printing. The po- 
sitional misalignment correction unit 210 reads the cor- 
rection value corresponding to the selected misalign- 
ment adjustment number from the correction value table 
206. In the case of color printing, on the backward pass 
the positional misalignment correction un it 21 0 receives 
a signal representing the starting position of the carriage 
30 from the position sensor 39 (Fig. 1) and supplies a 
timing signal for specifying a recording timing of the print 
head to the head driver 52 according to a comprehen- 
sive correction value, which is obtained by taking into 
account the second correction value and the plurality of 
first correction values. The head driver 52 transmits an 
identical driving signal to the three actuator chips 91 
through 93 and adjusts the recording positions on the 
backward pass according to the recording timing spec- 
ified by the positional misalignment correction unit 21 0. 
This causes the recording positions of the six nozzle ar- 
rays K 1 through Y on the backward pass to be adjusted 
with the common comprehensive correction value. The 
comprehensive correction value is calculated as the 
mean of the two first correction values for cyan (C) and 
magenta (M) and the second correction value for black 
(K). In the printing apparatus of the embodiment, it is 
here assumed that the black nozzles are used for color 
printing as well as the color nozzles. 
[0039] In the case of monochromatic printing that 
does not use any color inks, it is preferable to correct 
the positional misalignment with only the second correc- 
tion value. In a preferable application, when the compu- 
ter 88 (Fig. 1 ) informs the control circuit 40 of monochro- 
matic printing, the control circuit 40 of the printer 20 
(more specifically, the positional misalignment correc- 
tion unit 21 0 shown in Fig. 5) corrects the positional mis- 
alignment in the course of bidirectional printing with only 
the second correction value. 

[0040] The procedure of the first embodiment is the 
processing flow discussed above. The following de- 
scribes the method of determining the correction values 
for the black nozzle arrays and the color nozzle arrays 
in detail. 



(2) Method of Determining Correction Value for Black 
Nozzle Arrays 

[0041] Fig. 6 shows a method of determining the cor- 
5 rection value used for adjusting the positional misalign- 
ment, based on a test pattern. The test pattern is printed 
without any feed in the sub-scanning direction by the 
nozzles in the black nozzle arrays K t , K 2 , and K 3 forming 
dots on the printing medium P while the print head 28 is 
10 moving back and forth in the main scanning direction. 
On the f onward pass, ink droplets are ejected to form 
ruled lines extending in the sub-scanning direction at 
fixed intervals on the printing medium P. In the example 
of Fig. 6, the solid lines with numerals 1 through 8 allo- 
cs cated thereto represent the ruled lines printed on the 
forward pass. Here these ruled lines are formed by the 
respective nozzles in the black nozzle arrays K 1 , K 2 , and 
K 3 ejecting Ink droplets as the continuous straight lines 
extending in the sub-scanning direction at the resolution 
20 of 360 dpi The ruled lines printed on the backward pass 
is also formed likewise. 

[0042] On the backward pass, the ruled lines are print- 
ed at different timings, that is, at several different printing 
positions, so that user can select the "timing of recording 

25 a ruled line completely overlapping the ruled line record- 
ed on the forward pass." In the example of Fig. 6, as a 
matter of convenience, the ruled lines printed on the 
backward pass are shown by the broken lines. In this 
example, the ruled line that is formed by ink droplets 

30 ejected on the backward pass at the "theoretical timing 
to record the same ruled line" is the fourth left ruled line. 
The three left ruled lines from the third to the leftmost 
ruled line are printed at gradually delayed ejection tim- 
ings of ink droplets, so that the lines are formed on the 

35 backward pass sequentially shifted leftward from those 
formed on the forward pass. The four right ruled lines 
from the fifth to the rightmost ruled line are printed at 
gradually advanced ejection timings of ink droplets, on 
the other hand, so that the lines are formed on the back- 

40 ward pass sequentially shifted rightward from those 
formed on the forward pass. This results in the test pat- 
tern printed on the printing medium P by one set of the 
forward pass and the backward pass of the main scan 
as shown in Fig. 6. The ruled lines Nos. 1 through 8 print- 

45 ed on the backward pass are shifted rightward sequen- 
tially from the left end by one dot pitch relative to the 
corresponding ruled lines printed on the forward pass. 
The correction value is accordingly set as an integral 
multiple of the dot pitch. In the example of Fig. 6, the 

50 ruled lines formed on the backward pass are shown by 
the broken lines. This is only for the purpose of distin- 
guishing the ruled lines formed on the backward pass 
from those formed on the forward pass and does not 
necessarily mean that the ruled lines are actually printed 

55 in broken line on the backward pass. 

[0043] In the process of printing the test pattern, nu- 
merals representing misalignment adjustment numbers 
(Nos. 1 to 8 in Fig. 6) are actually printed above and 
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below plural sets of vertical ruled lines. The misalign- 
ment adjustment numbers have the function as the cor- 
rection information representing the favorable correc- 
tion state. Here the expression of "favorable correction 
state" means the state giving a minimum positional mis- 
alignment of dots in the main scanning direction formed 
by the forward pass and by the backward pass, when 
the recording position (or the recording timing) of either 
the forward pass or the backward pass is corrected with 
an adequate correction value. The test pattern is printed 
without any pass of the sub-scan, but the upper and low- 
er numerals representing the misalignment adjustment 
numbers may be printed with the sub-scan. 
[0044] The procedure of this embodiment prints the 
eight sets of the ruled lines. It is preferable to increase 
the number of printed sets of ruled lines if a large posi- 
tional misalignment is expected, and it is preferable to 
reduce the number of printed sets of ruled lines if a small 
positional misalignment is expected. In the description 
above, the misalignment adjustment numbers increase 
in an ascending order from the leftmost end. But any 
numbers are allocated as long as the correction state 
can be specified. The magnitude(size) of each numeral 
shown in Fig. 6 do not reflect the actual ratio of the mag- 
nitude to the test pattern in any sense. 
[0045] This procedure prints the ruled lines on the 
backward pass while varying the ejection timing of ink 
droplets by both the advancing and delaying amounts 
from the theoretical value to a plurality of different pat- 
terns. On the theoretical basis, the fourth left ruled line 
formed on the backward pass is expected to be coinci- 
dent with the ruled line formed on the forward pass. In 
the actual state, however, as shown in Fig. 6, the fifth 
left ruled line formed on the backward pass (at the slight- 
ly advanced ejection timing of ink droplets relative to the 
theoretical timing) is coincident with the ruled line 
formed on the forward pass. The ejection timing of ink 
droplets applied to form the fifth left ruled line enables 
dots to be actually recorded at a same position when ink 
ejection aims at the same recording position in both the 
forward pass and the backward pass. This timing is 
stored as the correction value and is applied for actual 
printing. This arrangement ensures the adequate cor- 
rection of the recording positions. 

(3) Method of Determining Correction Values for Color 
Nozzle Arrays 

[0046] The method of determining the correction val- 
ues with regard to the color nozzle arrays is mentioned 
briefly. A similar procedure to that for the black nozzle 
arrays K is applicable to print test patterns with regard 
to the color nozzle arrays CMY and determine correction 
values. In the case of the color nozzle arrays CMY, each 
pass of the main scan forms dots only at the resolution 
of 1 20 dpi. In order to print continuous straight lines ex- 
tending in the sub-scanning direction at the resolution 
of 360 dpi, three passes of the main scan in combination 



with the sub-scan by the feeding amount of 1 dot are 
required. 

(4) Effects of Embodiment 

5 

[0047] In the technique of this embodiment, the cor- 
rection values used for correcting the misalignment of 
recording positions are determined not on the basis of 
deductive inference but on the basis of the test patterns 
10 actually printed on the printing medium. The correction 
values can be determined adequately to relieve the ac- 
tual printing misalignment. 

[0048] The procedure of the embodiment prints the 
test patterns with little error and determines the correc- 
ts tion values accurately. With regard to the black nozzles, 
the test pattern is printed without any feed in the sub- 
scanning direction. This effectively prevents the working 
error of each mechanism relating to the sub-scan feed 
from being reflected on the printed test pattern and from 

20 undesirably making the correction value contain some 
error. With regard to the color nozzles, although some 
feeds in the sub-scanning direction are required to print 
the contiguous dots in the sub-scanning direction, the 
feeding amount for this purpose is significantly smaller 

25 than the feeding amount required to print the test pattern 
shifted in the sub-scanning direction. This also ensures 
the printed test patterns with little error and accordingly 
enables the correction values to be determined accu- 
rately, based on the printed test patterns with little error. 

30 [0049] In the case of color printing, the correction is 
carried out with the mean of the respective correction 
values of the color nozzle arrays and the black nozzle 
arrays {that is, the mean of the first correction values 
and the second correction value). In the case of mono- 

35 chromatic printing, on the other hand, the correction is 
carried out with only the correction value for the black 
nozzle arrays (that is, the second correction value). This 
arrangement ensures the optimum corrections in the re- 
spective print modes. 

40 [0050] The positional misalignment of dots recorded 
with yellow ink is rather inconspicuous. There is accord- 
ingly little necessity of taking the correction value corre- 
sponding to the yellow nozzle group into account in the 
process of calculating the mean correction value. The 

45 method of taking the correction value for the yellow noz- 
zle group into account equivalently with those of the oth- 
er color nozzle groups , for example, cyan and magenta, 
may even cause the recording positions of cyan and ma- 
genta dots to be deviated from their optimum positions. 

so in such cases, the adverse effect on the print h age 
quality due to deviation of the recording positions cf cy- 
an and magenta dots from their optimum positions is 
predominant over the improvement in the quality due to 
adjustment of recording positions of yellow dots to the 

55 optimum positions. This lowers the print image quality 
of the resulting printed image as a whole. The arrange- 
ment of this embodiment does not take the correction 
value (the first correction value), corresponding to the 
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yellow nozzle group, into account in the process of cal- 
culating the mean correction value. The technique of the 
embodiment is thus free from the above problem and 
ensures the high print image quality of the resulting 
printed image. 

[0051] In the case of color printing, the technique of 
the embodiment carries out the correction with the mean 
of the respective correction values of the cyan nozzle 
array C, the magenta nozzle array M, and the black noz- 
zle arrays K (that is, the mean of the first correction val- 
ues and the second correction value). The nozzle arrays 
to be considered are not restricted to this combination. 
When black nozzles are not used so often in color print- 
ing, the correction may be carried out with the mean of 
only the correction values of the cyan nozzle array C 
and the magenta nozzle array M. The yellow nozzle ar- 
ray Y may additionally be taken into account, when suit- 
able. In the above embodiment, the simple arithmetic 
mean (average) of the correction values of the respec- 
tive nozzle arrays is set to the comprehensive correction 
value. The comprehensive correction value may, how- 
ever, be the weighted average of the respective correc- 
tion values. Weights to the first correction values and 
the second correction value may be set by taking into 
account the frequency in use of the color inks, yellow, 
cyan, and magenta, and the black ink, the distance from 
the center of the nozzle array, and the degree of con- 
spicuousness of the misaligned recording position, and 
the weighted average may be calculated as the compre- 
hensive correction value. The comprehensive correc- 
tion value may alternatively be the geometric mean. 
Namely the misalignment of recording positions in the 
main scanning direction may be corrected in the course 
of bidirectional printing based on the first and the second 
correction values, without limitations on the method of 
using the first and the second correction values. 
[0052] The test pattern is not restricted to the vertical 
ruled lines but other test patterns may be used instead, 
such as linear patterns where dots are recorded inter- 
mittently. Any positional misalignment test pattern may 
be usable as long as the test pattern enables selection 
of correction information representing a favorable cor- 
rection state and subsequent determination of the cor- 
rection value according to the correction information. In 
the case where the test pattern is the linear pattern 
where dots are recorded intermittently, even the nozzles 
that are not capable of forming contiguous dots in the 
sub-scanning direction can form the test pattern by only 
one pass of the main scan without carrying out the sub- 
scan. 

[0053] In the arrangement of this embodiment, each 
of the color nozzle arrays that can form dots at the max- 
imum resolution of 120 dpi and does not complete con- 
tiguous dots at the resolution of 360 dpi by one pass of 
the main scan is set as the low density nozzle group. 
Each of the black nozzle arrays that can form contiguous 
dots at the resolution of 360 dpi by only one pass of the 
main scan is set as the high density nozzle group. The 



technique of the present invention is, however, not re- 
stricted to these combinations of the ink colors with the 
recording densities, but is applicable to any combina- 
tions. For example, the technique is applicable to a print- 

5 ing apparatus that has with regard to an identical color 
ink both a high density nozzle group for high-perform- 
ance printing and a low density nozzle group for low- 
performance printing. The low density nozzle group may 
be any nozzle group or nozzle array that forms only non- 

10 contiguous dots in the sub-scanning direction on the 
printing medium by one pass of the main scan at a pre- 
determined recording density. The high density nozzle 
group may be any nozzle group or nozzle array that 
forms contiguous dots in the sub-scanning direction on 

15 the printing medium by one pass of the main scan at the 
predetermined recording density. The chromatic color 
nozzle groups are not restricted to the combination of 
cyan, magenta, and yellow, but may be, for example, a 
combination of light cyan, dark cyan, light magenta, dark 

20 magenta, and yellow. 

D. Second Embodiment 

[0054] Fig. 7 shows a test pattern used in a second 
25 embodiment. The technique of the second embodiment 
prints only an upper part F1 of the ruled lines shown in 
Fig. 6 on the forward pass of the main scan using noz- 
zles in a backward section of each nozzle array in the 
sub-scanning direction, while printing only a lower part 
30 F2 on the backward pass of the main scan using nozzles 
in a forward section of each nozzle array in the sub- 
scanning direction. The nozzles used on the forward 
pass partly overlap the nozzles used on the backward 
pass. This gives the printed test pattern as shown in Fig. 
35 7. The configuration of the second embodiment is oth- 
erwise same with that of the first embodiment. 
[0055] As clearly understood from the illustration of 
Fig. 7, in the technique of this embodiment, the printing 
positions of the ruled lines on the backward pass are 
40 shifted in the sub-scanning direction from the printing 
positions of the ruled lines on the forward pass. This ar- 
rangement makes it easy to discriminate the ruled lines 
having the high degree of coincidence and thereby to 
select the correction information representing the favo- 
45 rabie correction state. The nozzles used on the forward 
pass partly overlap the nozzles used on the backward 
pass, so that the ruled lines printed on the forward pass 
partly overlap those on the backward pass. This further 
facilitates the discrimination of the ruled lines having the 
50 high degree of coincidence. This arrangement prints the 
test pattern not with ail the nozzles but with only part of 
the nozzles and thereby desirably saves ink required for 
printing the test pattern. 

[0056] The technique of the embodiment prints the 
55 test pattern of the vertical ruled lines shifted in the sub- 
scanning direction without sub-scan feed. The over- 
lapped portion of the vertical ruled lines (the part sur- 
rounded by the broken line in Fig. 7) is accordingly print- 
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ed with the nozzles located around the center of the noz- 
zle array. Even when the inclined angle of the print head 
on the backward pass is different from that on the for- 
ward pass, for example, due to the backlash of the driv- 
ing mechanism, the overlapped portion of the vertical 
ruled lines properly reflects the displacement of the 
whole print head as shown in Fig. 8. This arrangement 
enables the correction value to be determined accurate- 
ly, based on the test patter, even when the print head is 
inclined at different angles on the forward pass and on 
the backward pass. In the case where the set of ruled 
lines printed with the nozzles located in one end of the 
nozzle array are set as the reference, the correction val- 
ue determined to reduce the positional misalignment on 
the one end of the nozzle array may enhance the posi- 
tional misalignment on the other end. The technique of 
the embodiment enables the correction value to be de- 
termined on the basis of the overlapped portion of the 
ruled lines printed with the nozzles located around the 
center of the nozzle array. This arrangement is accord- 
ingly free from the above problem of the enhanced mis- 
alignment. Determination of the correction value based 
on the reference set of the vertical ruled lines with 
Number 5 in Fig. 8 reduces not only the positional mis- 
alignment of dot formation by the nozzles around the 
center of the nozzle array but equally decreases the po- 
sitional misalignment of dot formation by the nozzles on 
both ends of the nozzle array (the upper and lower ends 
in Fig. 8). 

[0057] The rear nozzle sub-group that is used to print 
the upper part F1 of the ruled lines and the front nozzle 
sub-group that is used to print the lower part F2 of the 
ruled lines may be selected arbitrarily as long as they 
satisfy the following requirements. The front nozzle sub- 
group are part of the nozzle group and include nozzles 
located in a relatively forward portion of the nozzle group 
in the sub-scanning direction, and the rear nozzle sub- 
group are part of the nozzle group and include nozzles 
located in a relatively backward portion of the nozzle 
group in the sub-scanning direction. The top and the bot- 
tom of the actual printing positions on the printing me- 
dium may be inverted. The front nozzle sub-group and 
the rear nozzle sub-group may have some common 
nozzles as in the case of this embodiment or may alter- 
natively have no common nozzles. In other words, the 
ruled lines printed on the forward pass may or may not 
overlap with the ruled lines printed on the backward 
pass in the sub-scanning direction. 

E. Third Embodiment 

[0058] Fig. 9 is a block diagram illustrating the main 
configuration relating to the correction of positional mis- 
alignment in the course of bidirectional printing in a third 
embodiment. The difference from the structure shown 
in Fig. 5 is that the structure of Fig. 9 has independent 
head drivers 52a, 52b, and 52c for respectively driving 
three actuators 91, 92, and 93. in the structure of the 



third embodiment, the three actuator chips 91 , 92, and 
93 are independently driven by the three head drivers 
52a, 52b, and 52c. Instructions of recording timing trans- 
mitted from the positional misalignment correction unit 
21 0 are thus given individually to the respective head 
drivers 52a, 52b, and 52c. Correction of the positional 
misalignment in the course of bidirectional printing is ac- 
cordingly carried out for each of the actuator chips. 
[0059] The third embodiment is characterized by the 
arrangement of independently setting the correction val- 
ue for each actuator chip. This arrangement enables 
correction of the positional misalignment for each actu- 
ator chip and thereby corrects the positional misalign- 
ment to a better level in the case of bidirectional printing. 
In a printer which has actuator chips driving respectively 
three nozzle arrays, the correction value may be set in- 
dependently for each three nozzle arrays. 
[0060] The present invention is not restricted to the 
above embodiments or their modifications; but there 
may be many other modifications, changes, and altera- 
tions without departing from the scope or spirit of the 
main characteristics of the present invention. Some ex- 
amples of possible modification are given below. 

25 (1) it is preferable to set the correction value indi- 
vidually for each nozzle array. This arrangement fur- 
ther reduces the positional misalignment, com- 
pared with the arrangement of the embodiment dis- 
cussed above. 

30 (2) The technique of the embodiment adjusts the 
target position of dots (or the recording timing) in 
order to correct the positional misalignment. Other 
methods may be applied to correct the positional 
misalignment. One applicable procedure adjusts 

35 the frequency of the driving signal transmitted to the 
actuator chip to correct the positional misalignment. 

(3) The technique of the embodiment adjusts the 
target position (or the recording timing) on the back- 
ward pass to correct the positional misalignment. 

40 One modified procedure adjusts the target position 
on the forward pass to correct the positional mis- 
alignment. Another modified procedure adjusts 
both the target positions on the forward pass and 
on the backward pass to correct the positional mis- 

« alignment. In general, the positional misalignment 
is corrected by adjusting at least one of the target 
positions on the forward pass and on the backward 
pass. 

(4) Although ink jet printers are described in the 
so above embodiments, the present invention is not re- 
stricted to the ink jet printers but may be applicable 
to a variety of printing apparatuses that generally 
carry out printing with a print head. 

55 

Claims 

1. A printing apparatus that carries out bidirectional, 
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reciprocating main scan to effect printing on a print- 
ing medium, the printing apparatus comprising: 

a print head having a nozzle group that ejects 
ink droplets to record dots on the printing me- 5 
dium; 

a memory that stores a correction value, the 
correction value being used to correct misalign- 
ment of recording positions in a main scanning 
direction on a forward pass and a backward w 
pass of the main scan; and 
positional misalignment correction unit that cor- 
rects using the correction value the misalign- 
ment of recording positions in the main scan- 
ning direction occurring in bidirectional printing, is 
wherein the correction value is determined ac- 
cording to correction information that repre- 
sents a favorable correction state selected 
based on positional misalignmenl test pattern, 
and 20 
the positional misalignment test pattern is print- 
ed without sub-scan feed. 

2. A printing apparatus that carries out bidirectional, 
reciprocating main scan to effect printing on a print- 25 
ing medium, the printing apparatus comprising: 

a print head having a nozzle group that ejects 
ink droplets to record dots on the printing me- 
dium; 30 
a memory that stores a correction value, the 
correction value being used to correct misalign- 
ment of recording positions in a main scanning 
direction on a forward pass and a backward 
pass of the main scan; and 35 
positional misalignment correction unit that cor- 
rects using the correction value the misalign- 
ment of recording positions in the main scan- 
ning direction occurring in bidirectional printing, 
wherein the correction value is determined ac- *o 
cording to correction information that repre- 
sents a favorable correction state selected 
based on positional misalignment test pattern, 
the positional misalignment test pattern includ- 
ing a rear test sub-pattern and a front test sub- *s 
pattern printed at different positions shifted in a 
sub-scanning direction, 

the front test sub-pattern being printed with a 
front nozzle sub-group on a printing medium on 
a selected one of the forward pass and the so 
backward pass of the main scan of the print 
head, the front nozzle sub-group being part of 
the nozzle group and including nozzles located 
in a relatively forward section of the nozzle 
group in the sub-scanning direction, 55 
the rear test sub-pattern being printed with a 
rear nozzle sub-group on the printing medium 
on the other of the forward pass and the back- 



ward pass of the main scan of the print head, 
the rear nozzle sub-group being part of the noz- 
zle group and including nozzles located in a rel- 
atively backward section of the nozzle group in 
the sub-scanning direction. 

3. A printing apparatus in accordance with claim 2, 
wherein the nozzle group comprises a low density 
nozzle group that forms only noncontiguous dots in 
the sub-scanning direction at a predetermined re- 
cording density on the printing medium by one pass 
of the main scan, and 

the memory stores a first correction value, the 
first correction value being used to correct mis- 
alignment of recording positions in the main 
scanning direction on the forward pass and the 
backward pass of the main scan with regard to 
the low density nozzle group, 
the first correction value being determined ac- 
cording to correction information that repre- 
sents a favorable correction state selected 
based on a first positional misalignment test 
pattern, the first positional misalignment test 
pattern including a first front test sub-pattern 
and a first rear test sub-pattern printed with the 
low density nozzle group at different positions 
shifted in the sub-scanning direction, 
the first front test sub-pattern comprising a plu- 
rality of vertical ruled lines that extend in the 
sub-scanning direction and are formed using a 
first front nozzle sub-group by repeatedly car- 
rying out a selected one of the forward pass and 
the backward pass of the main scan of the print 
head in combination with sub-scan feeds inter- 
posed between the main scan passes, the first 
front nozzle sub-group being part of the low 
density nozzle group and including nozzles lo- 
cated in a relatively forward section of the low 
density nozzle group in the sub-scanning direc- 
tion, 

the first rear test sub-pattern comprising a plu- 
rality of vertical ruled lines that extend in the 
sub-scanning direction and are formed using a 
first rear nozzle sub-group by repeatedly carry- 
ing out the other of the forward pass and the 
backward pass of the main scan of the print 
head in combination with sub-scan feeds inter- 
posed between the main scan passes, the first 
rear nozzle sub-group being part of the low den- 
sity nozzle group and including nozzles located 
in a relatively backward section of the low den- 
sity nozzle group in the sub-scanning direction. 

4. A printing apparatus in accordance with claim 3, 
wherein a feeding amount of the sub-scan in print- 
ing the first positional misalignment test pattern is 
equal to one dot pitch. 



11 



' 1120261A1J_> 



21 



EP1 120 261 A1 



22 



A printing apparatus in accordance with claim 2, 
wherein the nozzle group comprises a high density 
nozzle group that forms contiguous dots in the sub- 
scanning direction at a predetermined recording 
density on the printing medium by one pass of the s 
main scan, and 

the memory stores a second correction value, 
the second correction value being used to cor- 
rect misalignment of recording positions in the io 
main scanning direction on the forward pass 
and the backward pass of the main scan with 
regard to the high density nozzle group, 
the second correction value being determined 
according to correction information that repre- »s 
sents a favorable correction state selected 
based on a second positional misalignment test 
pattern, the second positional misalignment 
lest pallern including a second front test sub- 
pattern and a second rear test sub-pattern 20 
printed with the high density nozzle group at dif- 
ferent positions shifted in the sub-scanning di- 
rection, 

the second front test sub-pattern comprising a 
plurality of vertical ruled lines of continuous 25 
dots that extend in the sub-scanning direction 
and are formed using a second front nozzle 
sub-group on a selected one of the forward 
pass and the backward pass of the main scan 
of the print head, the second front nozzle sub- 30 
group being part of the high density nozzle 
group and the second front nozzle sub-group 
including nozzles located in a relatively forward 
section of the high density nozzle group in the 
sub-scanning direction, 35 
the second rear test sub-pattern comprising a 
plurality of vertical ruled lines of continuous 
dots that extend in the sub-scanning direction 
and are formed using a second rear nozzle sub- 
group on the other of the forward pass and the 40 
backward pass of the main scan of the print 
head, the second rear nozzle sub-group being 
part of the high density nozzle group and the 
second rear nozzle sub-group including noz- 
zles located in a relatively backward section of ^ 
the high density nozzle group in the sub-scan- 
ning direction, 

the second positional misalignment test pattern 
being printed without sub-scan feed. 

so 

A printing apparatus in accordance with claim 2, 
wherein the nozzle group comprises: 

a low density nozzle group that forms only non- 
contiguous dots in the sub-scanning direction 55 
at a predetermined recording density on the 
printing medium by one pass of the main scan; 
and 



a high density nozzle group that forms contig- 
uous dots in the sub-scanning direction at the 
predetermined recording density on the printing 
medium by one pass of the main scan, 
the memory stores the first correction value in 
accordance with claim 3 and the second cor- 
rection value in accordance with claim 5, and 
the positional misalignment correction unit cor- 
rects the misalignment of recording positions in 
the main scanning direction occurring in bidi- 
rectional printing, using a mean of the first cor- 
rection value and the second correction value. 

7. A printing apparatus in accordance with claim 6, 
wherein the high density nozzle group ejects black 
ink, and 

the low density nozzle group comprises a plu- 
rality of chromatic color nozzle groups, each 
ejecting a chromatic color ink, 
the first correction value is determined individ- 
ually for at least one chromatic color nozzle 
group selected among the plurality of chromatic 
color nozzle groups, and 
the positional misalignment correction unit cor- 
rects the misalignment of recording positions in 
the main scanning direction occurring in bidi- 
rectional printing, using a mean of at least two 
correction values selected out of the second 
correction value and the at least one first cor- 
rection value determined for the at least one se- 
lected chromatic color nozzle group, in a spe- 
cific print mode in which nozzles in the low den- 
sity nozzle group are used. 

8. A printing apparatus in accordance with claim 2, 
wherein the nozzle group comprises: 

a low density nozzle group that forms only non- 
contiguous dots in the sub-scanning direction 
at a predetermined recording density on the 
printing medium by one pass of the main scan; 
and 

a high density nozzle group that forms contig- 
uous dots in the sub-scanning direction at the 
predetermined recording density on the printing 
medium by one pass of the main scan, 
the memory stores the first correction value in 
accordance with claim 3 and the second cor- 
rection value in accordance with claim 5, 
the high density nozzle group ejecting black ink, 
the low density nozzle group comprising a plu- 
rality of chromatic color nozzle groups, each 
ejecting a chromatic color ink, 
the first correction value being determined for 
at least one chromatic color nozzle group se- 
lected among the plurality of chromatic color 
nozzle groups, and 
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the positional misalignment correction unit cor- 
rects the misalignment of recording positions 
using one of the first correction value in a spe- 
cific print mode in which nozzles in the low den- 
sity nozzle group are used. 

9. A printing apparatus in accordance with claim 2, 
wherein the nozzle group comprises: 

a low density nozzle group that forms only non- 
contiguous dots in the sub-scanning direction 
at a predetermined recording density on the 
printing medium by one pass of the main scan; 
and 

a high density nozzle group that forms contig- 
uous dots in the sub-scanning direction at the 
predetermined recording density on the printing 
medium by one pass of the main scan, 
the memory stores the first correction value in 
accordance with claim 3 and the second cor- 
rection value in accordance with claim 5, 
the high density nozzle group ejecting black ink, 
the low density nozzle group comprising a plu- 
rality of chromatic color nozzle groups, each 
ejecting a chromatic color ink, and 
the positional misalignment correction unit cor- 
rects the misalignment of recording positions 
using the second correction value in a specific 
print mode in which nozzles in the low density 
nozzle group are not used. 

10. A printing apparatus in accordance with claim 2, 
wherein the nozzle group comprises: 

a low density nozzle group that forms only non- 
contiguous dots in the sub-scanning direction 
at a predetermined recording density on the 
printing medium by one pass of the main scan; 
and 

a high density nozzle group that forms contig- 
uous dots in the sub-scanning direction at the 
predetermined recording density on the printing 
medium by one pass of the main scan, 
the memory stores the first correction value in 
accordance with claim 3 and the second cor- 
rection value in accordance with claim 5, and 
the positional misalignment correction unit cor- 
rects the misalignment of recording positions 
using the first correction value with regard to 
the low density nozzle group, and corrects the 
misalignment of recording positions using the 
second correction value with regard to the high 
density nozzle group. 

11. In a printing apparatus that comprises a print head 
having a nozzle group which ejects ink droplets to 
record dots on a printing medium, the printing ap- 
paratus carrying out bidirectional, reciprocating 



main scan to complete print on the printing medium, 
a method of correcting misalignment of recording 
positions of ink droplets in a main scanning direction 
on a forward pass and a backward pass of the main 
5 scan, the method comprising the steps of: 

(a) printing positional misalignment test pattern 
with the nozzle group without sub-scan feed; 

(b) determining a correction value according to 
10 correction information that represents a favora- 
ble correction state selected based on the po- 
sitional misalignment test pattern; and 

(c) correcting the misalignment of recording po- 
sitions in the main scanning direction occurring 

15 in bidirectional printing, using the correction 

value. 

12. In a printing apparatus that comprises a print head 
having a nozzle group which ejects ink droplets to 

20 record dots on a printing medium, the printing ap- 
paratus carrying out bidirectional, reciprocating 
main scan to complete print on the printing medium, 
a method of correcting misalignment of recording 
positions of ink droplets in a main scanning direction 
25 on a forward pass and a backward pass of the main 
scan, the method comprising the steps of: 

(a) printing a front test sub-pattern with a front 
nozzle sub-group on a printing medium on a se- 
lected one of the forward pass and the back- 
ward pass of the main scan of the print head, 
the front nozzle sub-group being part of the 
nozzle group and including nozzles located in 
a relatively forward section of the nozzle group 
in a sub-scanning direction; 

(b) printing a rear test sub-pattern with a rear 
nozzle sub-group on the printing medium on the 
other of the forward pass and the backward 
pass of the main scan of the print head, the rear 
nozzle sub-group being part of the nozzle group 
and including nozzles located in a relatively 
backward section of the nozzle group in the 
sub-scanning direction; 

(c) determining a correction value according to 
correction information that represents a favora- 
ble correction state selected based on position- 
al misalignment test pattern, the positional mis- 
alignment test pattern including the rear test 
sub-pattern and the front test sub-pattern print- 
ed at different positions shifted in the sub-scan- 
ning direction; and 

(d) correcting the misalignment of recording po- 
sitions in the main scanning direction occurring 
in bidirectional printing, using the correction 
value. 

13. A recording medium that stores a computer pro- 
gram for causing a computer to correct misalign- 
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ment of recording positions of ink droplets in a main 
scanning direction on a forward pass and a back- 
ward pass of main scan, the computer comprising 
a printing apparatus that comprises a print head 
having a nozzle group which ejects ink droplets to 5 
record dots on a printing medium, and carries out 
the bidirectional, reciprocating main scan to com- 
plete print on the printing medium, the computer 
program causing the computer to attain the func- 
tions of: 

(a) printing positional misalignment test pattern 
with the nozzle group without sub-scan feed; 

(b) determining a correction value according to 
correction information that represents a favora- 
ble correction state selected based on the po- 
sitional misalignment test pattern; and 

(c) correcting the misalignment of recording po- 
sitions in the main scanning direction occurring 
in bidirectional printing, using the correction 
value. 

14. A recording medium that stores a computer pro- 
gram for causing a computer to correct misalign- 
ment of recording positions of ink droplets in a main 
scanning direction on a forward pass and a back- 
ward pass of main scan, the computer comprising 
a printing apparatus that comprises a print head 
having a nozzle group which ejects ink droplets to 
record dots on a printing medium, and carries out 
the bidirectional, reciprocating main scan to com- 
plete print on the printing medium, the computer 
program causing the computer to attain the func- 
tions of: 



ning direction; and 

(d) correcting the misalignment of recording po- 
sitions in the main scanning direction occurring 
in bidirectional printing, using the correction 
value. 
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(a) printing a front test sub-pattern with a front 
nozzle sub-group on a printing medium on a se- 
lected one of the forward pass and the back- 
ward pass of the main scan of the print head, 

the front nozzle sub-group being part of the 40 
nozzle group and including nozzles located in 
a relatively forward section of the nozzle group 
in a sub-scanning direction; 

(b) printing a rear test sub-pattern with a rear 
nozzle sub-group on the printing medium on the 45 
other of the forward pass and the backward 
pass of the main scan of the print head, the rear 
nozzle sub-group being part of the nozzle group 
and including nozzles ;cated in a relatively 
backward section of tne nozzle group in the so 
sub-scanning direction; 

(c) determining a correction value according to 
correction information that represents a favora- 
ble correction state selected based on position- 
al misalignment test pattern, the positional mis- 55 
alignment test pattern including the rear test 
sub-pattern and the front test sub-pattern print- 
ed at different positions shifted in the sub-scan- 
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